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HEAT 


This unit of THINGS of science con¬ 
tains a thermometer, bimetallic strip, cop¬ 
per and steel wires, balloon, candle, 
rubber band, 3 x 3-inch thin paper and 
3 x 5-inch card. 

Heat plays an essential part in our 
daily lives. We need it to cook our food 
and to keep us warm in the winter. The 
fruits and vegetables we eat depend upon 
the heat from the sun for growth. 

All types of transportation and com¬ 
munication involve heat. In an auto¬ 
mobile the engine converts the heat of 
chemical reactions into mechanical energy 
as do power plants that burn wood, coal, 
oil or gas as fuel. 

Our own bodies may be considered 
heat engines that use food as fuel to 
provide warmth as well as mechanical 
energy for our daily activities. 

We are aware that some objects are 
hotter than others. Ice feels cold to the 
touch while a flame feels hot. Our sense 
of touch can tell us which object is hotter, 
that is has a higher temperature than 
another, but it cannot tell us how much 
hotter nor how hot the object is. 

We know that when we place a pan of 
water over a flame, the water warms up 
and the temperature of the water rises. 
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Heat from the flame has been transferred 
into the water. But do we know how? 

What is heat and where does it come 
from? What is temperature? Are heat and 
temperature the same? 

The experiments in this unit will help 
you find the answers to these questions 
and others about the nature of heat. 

First examine your materials. 

THERMOMETER—Shows both Cel¬ 
sius and Fahrenheit scales. 

BIMETALLIC STRIP—Three inches 
long by !4-inch wide; yellowish copper 
zinc alloy on one side and silvery iron and 
nickel alloy on the other. 

BALLOON—Four-inch round. 

CANDLE 

RUBBER BAND 

COPPER WIRE—Reddish color; 5 
inches long. 

STEEL WIRE—Silver color; 5 inches 
long. 

LIGHTWEIGHT PAPER — 3x3 
inches; in color. 

STIFF PAPER—3 x 5 inches; white. 

The steel wire was contributed by the 
Atlantic Wire Company, Branford, Conn. 

WHAT IS HEAT? 

The concept of heat as we understand 
it today took many years to develop. It 
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has now been established that heat is a 
form of energy. 

If a warm object and a cold one arc 
brought together in thermal contact, the 
hotter one becomes cooler and the cooler 
one becomes warmer. If they remain in 
contact, the process continues until both 
reach the same temperature. Something 
has been given up by one body and taken 
up by the other. This something is the 
form of energy known as heat. 

Heat may travel from one object to 
another, but only when there is a differ¬ 
ence in temperature between the bodies 
and then only from the hotter one to the 
colder one. 

Other forms of energy, electrical, me¬ 
chanical and chemical, can be changed 
into heat and heat can be transformed 
back into any of the other forms of 
energy. 

Heat obeys one of the basic laws of 
physics, the law of conservation of energy. 

This law states that energy can neither 
be created nor destroyed but can be 
changed in form. (Of course, we all know 
that mass can be converted into energy.) 

We can detect heat only when there 
is a transfer of energy. If everything is 
in thermal equilibrium or at the same 
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temperature and no exchange is taking 
place, we are unaware of heat. 

Experiment 1. Place your hand on 
the THINGS box. At first it may feel 
cool to the touch but as you continue to 
hold it, the box does not feel as cold, and 
soon it feels neither warm nor cold. The 
heat from your body has been transferred 
to the box until thermal equilibrium 
between the box and your hand has been 
reached. 

Heat can not only flow from one object 
to another, but it can flow along certain 
substances such as a metal rod when one 
end is hotter than the other. 

Experiment 2. Hold one end of your 
copper wire and heat the other end. You 
will soon find that it is too hot to hold. 
More heat than you can tolerate is being 
transferred to your skin. Heat will con¬ 
tinue to flow along the wire as long as 
the distant end is cooler than the end at 
which the heat is being applied. 

In order to understand the nature of 
heat, we must first know something about 
temperature. 

WHAT IS TEMPERATURE? 

When you place two objects in contact 
with each other and there is no flow of 
heat from one to the other, the two 
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objects are said to have the same temper¬ 
ature. 

If one object is hotter than the other, 
it is said to have a higher temperature 
than the other. 

Temperature, therefore, indicates the 
hotness or coldness of a substance and 
also predicts the direction of the flow of 
heat. 

Thus you can see, that temperature and 
heat are not the same thing. 

Heat is the energy that causes a body 
to be hot or cold, while temperature 
indicates the relative hotness or coldness 
of that object. 

To provide a means for indicating the 
temperature of objects accurately, the 
thermometer was developed. 

Experiment 3. Examine your ther¬ 
mometer. Note that it has both a Celsius 
(C) and a Fahrenheit (F) scale. 

The scale of the common thermometer 
such as yours can be based on the freezing 
and boiling points of water. 

The scale designated as C on your ther¬ 
mometer has been commonly called a 
Centigrade scale because it is divided into 
100 equal parts between 0° and 100 c , 
the freezing and melting points of water. 

In recent years, the Centigrade scale 
has been replaced by the Celsius scale 
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named after Anders Celsius (1701-1744). 
The Celsius scale is based upon assigning 
a value of temperature to the triple point 
of water—of course, this implies a value 
of approximately —273° Celsius for ab¬ 
solute zero. 

The freezing and boiling points of 
water are approximately the same on both 
the old Centigrade and the current Cel¬ 
sius scales. 

The freezing point on the Fahrenheit 
scale, the F scale, is 32° and the boiling 
point 212°. 

(NOTE: The thermometer in your 
unit does not show the boiling point since 
it registers temperatures only up to 
120°F, sufficient for the experiments in 
this unit.) 

Find the freezing point and note that 
0°C and 32°F are at exactly the same 
point on the two scales. 

The difference between 212°F and 
32 °F is 180. Therefore, 100 Celsius 
degrees correspond to 180 Fahrenheit 
degrees and you can readily convert de¬ 
grees C into degrees F and vice versa. 

The Celsius degree is 180/100 or 9/5 
larger than the Fahrenheit degree. To cal¬ 
culate m°C from n°F, and n°F from 
m°C, follow the formulas given below. 
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m°C= 5/9 (n°F — 32) 
n°F = 9/5m°C + 32 
Experiment 4. Using the above for¬ 
mulas convert 70°F to p°C and 30°C to 
q°F. Check your answers against the ther¬ 
mometer scales. 

There are other scales for measuring 
temperature, such as Rankine and Kelvin 
which we will not go into here, except 
to say that the freezing point of water is 
491.69° Rankine. 

There are also many types of ther¬ 
mometers which use different methods 
of recording temperatures. Among these 
devices is the bimetallic strip like the 
specimen in your unit which will be dis¬ 
cussed in later experiments. 

NOTE: As mentioned previously the 
highest temperature your thermometer 
can register is 120°F. Therefore, when 
you use the thermometer watch the tem¬ 
perature carefully and do not exceed this 
temperature. 

Match the top of your thermometer 
with the fidutial mark, the short hori¬ 
zontal line above the scale at the center 
of the backing. 

ALSO, the backing of your thermom¬ 
eter is made of cardboard which will 
absorb some water. But with care the 
thermometer can be used safely in all the 
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experiments outlined in this booklet. Do 
not leave the thermometer immersed in 
hot water longer than necessary and be 
sure to wipe it dry after each use. 

Experiment 5. A hot substance does 
not necessarily contain more heat than a 
cooler substance. 

Place one-half cup of tap water in a 
small pan. Place your thermometer in the 
water and observe the temperature. Note 
the time and then heat the water over 
a moderate flame watching the thermom¬ 
eter carefully. Remove the pan from the 
stove as soon as the thermometer reads 
110°F and note the time. Compute the 
time required to heat the water to this 
temperature. 

Empty the pan and rinse with cold 
water. Then place one cup of tap water 
in the pan. Take the temperature, being 
sure that it is the same as the starting 
temperature of the half cup of water. 
Heat as before over a moderate flame but 
only for exactly the same period as the 
one-half cup of water was heated. 

Take the temperature of the water. Is 
it also 110 °F or is the temperature lower? 

The two volumes of water received 
the same amount of heat, but the temper¬ 
ature of the larger volume is lower than 
that of the smaller. 
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This experiment shows that the mass 
of a substance as well as the amount of 
heat input determines the temperature of 
a substance. Temperature, therefore, can 
also be considered as the measure of the 
average molecular energy of a substance. 

The amount of heat necessary to raise 
the temperature of one gram of water 
one degree Celsius is called a calorie. 

The number of calories required to 
raise the temperature of one gram of a 
body varies from substance to substance 
depending upon the molecular structure 
of the body. This property is a constant 
for each substance and is known as its 
specific heat. 


SOURCE OF HEAT 

All substances contain energy which 
can be associated with heat. 

All matter is made up of molecules, 
atoms and electrons which are constantly 
in motion. These particles contain energy 
of movement or kinetic energy. When 
they are caused to move more rapidly by 
mechanical or other means, they may 
release energy in the form of heat. 

Experiment 6. Rub your hand vigor¬ 
ously across the bottom of your THINGS 
box. Does your hand become warm? The 
heat produced results from the friction 
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created by the rubbing movement. Here 
you supply mechanical energy by friction 
and pressure which is converted into addi¬ 
tional internal energy or heat. 

When a person’s hands are cold, he 
rubs them back and forth to create 
warmth, in the same way. 

Think of other examples where heat is 
produced by mechanical energy. 

Experiment 7. Bend your steel wire 
back and forth rapidly several times. (Do 
not break the wire. You will need it for 
other experiments.) Does it become hot? 
Heat is released due to the pressures and 
distortions created within the wire. 

Experiment 8. Holding each end of 
your rubber band place its center flat 
against your chin. While it is in this 
position, but only barely touching your 
chin, stretch it quickly pulling outward 
by both ends. Is there a sensation of 
warmth? 

The molecules of rubber held tightly 
together are pulled apart, and the friction 
and this work produces energy in the 
form of heat. 

Experiment 9. Hammer a nail re¬ 
peatedly. Then feel it. Has it become 
warm? Mechanical energy has been con¬ 
verted into heat. 

Experiment 10. Light a gas burner. 
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The chemical reaction taking place in the 
burning gas produces heat. 

Experiment 11. Take a flashlight 
battery and place one end of your copper 
wire at the top and the other at the bot¬ 
tom of the battery, making a closed cir¬ 
cuit. Does the battery become warm? The 
chemical reaction within the battery emits 
heat energy. 

Experiment 12. Some chemical re¬ 
actions absorb heat. 

Place a tablespoon of vinegar in a small 
glass and take the temperature. Remove 
the thermometer and then add a teaspoon 
of baking soda. Place the thermometer in 
the solution while the reaction is still 
taking place. What do you find? 

Experiment 13. An electric current 
can produce heat. A good example of 
this is the burner on an electric stove. 
An electric current is a movement of elec¬ 
trons which adds to the internal energy 
of the wire. This energy flows into the 
environment giving rise to heat. 

Experiment 14. Turn on a flashlight. 
Note that the light bulb becomes warm. 
A chemical change takes place in the bat¬ 
tery which produces an electric current. 
This energy is converted into light and 
heat in the bulb. When the light strikes 
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an object some of it may be absorbed and 
converted into heat energy. 

EFFECTS OF HEAT 

When heat is applied to a body, the 
molecules move more rapidly. The heat 
is converted into kinetic energy of 
motion. 

The motion of the molecules resulting 
from heat is increased. As the temperature 
is lowered the motion of the molecules 
becomes slowed. 

As the molecules increase their motion, 
more space is required. As a result, a 
heated object generally expands. 

Each substance has its own characteris¬ 
tic expansion coefficient. 

Experiment 15. Examine your bime¬ 
tallic strip. Note the difference in color 
on the two sides. The yellow side is a 
copper zinc alloy and the silvery side is 
an iron and nickel alloy. The two pieces 
of metal are sealed tightly together. 

Heat your bimetallic strip by holding 
it about four inches above a flame with a 
clamp or forceps so you will not burn 
your hand. A large candle may be used 
for this purpose if desired. Do not allow 
the flame to touch the metal or you may 
damage it. If you use a candle, work at a 
sink or have a large bucket of water at 
hand. 
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Watch the metal carefully as you heat 
it. Which way does it bend? Which metal 
has the greatest expansion coefficient? 

Experiment 16. Place it aside and 
allow it to cool. Does it become straight 
again? 

Bimetals are heat sensitive materials 
widely used in thermostats in cooling and 
heating devices. By curling away from or 
straightening toward an electrical con¬ 
nector these bimetal strips make or break 
circuits at the specific temperatures for 
which they are designed. 

The expansion of liquids is more pro¬ 
nounced than the expansion of solids 
when heat is imparted to them because 
the molecules are not so tightly bound 
to each other as they are in solids and 
the molecules can be pushed further 
apart. 

Experiment 17. Note the tempera¬ 
ture on your thermometer. Place in warm 
water from the tap. The liquid, an oil base 
liquid with dye added, in the tube im¬ 
mediately begins to rise. The thermometer 
depends upon the expansion of two sub¬ 
stances, the fluid inside the tube and the 
tube itself, to show an increase in temper¬ 
ature. Since the liquid in the thermometer 
expands to a greater extent than the glass 
tube surrounding it, it rises upward in the 
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only direction possible. 

Place the thermometer in ice water. 
The liquid contracts showing a lower 
temperature reading. 

Experiment 18. Place the mouth of 
the balloon over the mouth of a soft 
drink bottle or similar narrow mouthed 
bottle, with the balloon deflated. Be sure 
the passage between the bottle and bal¬ 
loon is not obstructed and secure the 
balloon tightly to the bottle with your 
rubber band. 

Hold the bottle in a deep pan of water 
to prevent it from floating or tipping. 
Slowly heat the water, and watch the bal¬ 
loon. What happens to the balloon? 

As the water is heated the air in the 
bottle expands and the balloon fills with 
air. 

When a gas is warmed the molecules 
move about with increased speed (its 
kinetic energy is increased) and travel 
a greater distance, at the same time exert¬ 
ing a greater force on the walls of the 
container. Because the balloon is elastic its 
volume increases with the additional pres¬ 
sure. Squeeze the balloon gently and you 
will feel the pressure of the expanding 
air. Note the great increase in the volume 
of a gas when heated as compared to the 
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expansion of the metal in the bimetallic 
strip. 

You cannot very easily measure let 
alone see the extent of expansion of the 
metal, while the great increase in volume 
of air when heated is clearly visible. 

The attractive forces between molecules 
in gases is very slight so the molecules 
become widely separated. In metals the 
intermolecular attraction is very great and 
the molecules are not free to stray too far 
from each other. They are generally 
bound in a lattice structure. The expan¬ 
sion coefficient in solids therefore is much 
smaller than in liquids or gases. 

Experiment 19. Remove the bottle 
from the pan and set aside to cool. What 
happens to the balloon? 

As gas is cooled the movement of the 
molecules is slowed down and the pres¬ 
sure is decreased. If cooled to very low 
temperatures, the molecules become so 
slowed they are attracted to each other 
and the gas becomes a liquid. If further 
cooled the gas will become a solid and its 
molecules may be bound in a lattice struc¬ 
ture. The temperature at which the inter¬ 
nal energy of matter is a minimum is 
theoretically approximately —273° Cel¬ 
sius or absolute zero, 0 Kelvin. 
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TRANSFER OF HEAT ENERGY 

When a hot object is placed in contact 
with a cold object, you have observed that 
heat will flow from the hot object to the 
cold one, and this flow will continue until 
both objects are at the same temperature. 

Experiment 20. Mix one-half cup 
ice cold water in an insulated jar to keep 
the temperature as constant as possible. 
You can insulate the jar by packing news¬ 
paper or other insulating material in a 
large pan and placing the jar in the 
middle. 

Take the temperature of the water. 
Now add a half cup of water having a 
temperature of 100 °F. Stir well and take 
the temperature. 

What happens to the temperature of 
the water? 

Experiment 21. Mix one-half cup 
ice cold water with a full cup of 100°F 
water. Stir. What is the temperature this 
time? 

Repeat using 1 cup of cold water and 
Vl cup water at 100°F. Stir and take 
the temperature. 

The change in temperature of the cold 
water is equal to the final temperature 
of the water minus the temperature of 
the cold water. 

The change in temperature of the hot 
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water is equal to the temperature of the 
hot water minus the final temperature. 

If the volumes of the two liquids are 
not the same, multiply the relative vol¬ 
umes times the change in temperature to 
obtain your results. 

What do the results of your experiment 
indicate? 


CONDUCTANCE 

There are three methods by which heat 
may be transferred: conduction, convec¬ 
tion and radiation. 

The conduction of heat in metals or 
metallic conduction is due to the presence 
of free or loosely attached electrons in 
the metal which act as carriers of heat 
energy. 

Such electrons are easily set in motion 
whenever one end of a metal rod is 
heated. Additionally, vibrations in the 
lattice are set in motion and their thermal 
vibrations pass from one atom to the next 
along the rod to the far end. 

The same electrons that carry along the 
conductive heat currents, also carry elec¬ 
tric currents when an electrical flow is 
created. Thus metals that are good con¬ 
ductors of heat are also good conductors 
of electricity. 

Experiment 22. Take the copper and 
steel wires. Secure the two together with 
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cellophane tape or other non-conducting 
tape about IV 4 inch from one end (Fig. 
1). Spread the other ends of the wire 
about IV 2 inches apart. 

Light your candle, place a small drop 
of melted wax on the tip of each of the 
wires and allow to harden. Work at a 
sink or have a bucket of water handy 
whenever you work with a flame. 


copper wire 



Fig. 1 


Keep the other ends close together and 
parallel. 

Heat the wires at the unwaxed end, 
holding the wires with non-conducting 
forceps at the taped area. 

Observe which drop of paraffin melts 
first. 

Generally speaking among metals, sil¬ 
ver and copper show the highest heat 
conductivity and steel the poorest. 

Do the results of your experiment 
verify this? 
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Experiment 23. Take your copper 
wire and starting at about two inches 
from one end, place drops of wax along 
the wire at about %-inch intervals. (Fig. 
2 ). 


heat 


copper w 


o 


o 


Fig. 2 

Apply heat at the free end and note 
what happens. Each bit of wax melts in 
succession showing that heat travels along 
the wire by conduction. 

Experiment 24. Construct a small 
box from your 3 x 5-inch stiff paper by 
folding up the edges one inch from each 
side. Fold in the corners—DO NOT CUT 
—and clip together with paper clips or 
secure with a small piece of cellophane 
tape. 

Fill the box half full of water and heat 
over a moderate gas flame or a candle. 
The water will come to a boil but the 
paper will not burn. 

Water is a poor conductor of heat, but 
is a better conductor than paper. The heat 
applied to the box is conducted away 
by the water and the temperature of the 
paper does not reach its kindling temper- 
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ature or the temperature it needs to reach 
in order to burst into flame. 

Experiment 25. Wood is a poor 
conductor of heat. You can burn one end 
of a stick and hold the other end which 
remains cool. 

Place one end of your steel wire in a 
flame and hold the other end. Does it 
become too hot to hold? Hold the copper 
wire in the flame. Which conducts heat 
most quickly? Steel is a better conductor 
of heat than wood although it is not as 
good as copper. 

Now you can understand why pots 
and pans are made of metal. Copper being 
the best conductor, the bottom surface of 
steel pots is often coated with copper. The 
copper spreads the heat evenly across the 
bottom of the pan. 

As you have observed, heat travels in 
a substance by conduction. The molecules 
in a gas are widely separated and as the 
conduction of heat occurs only when 
molecules happen to strike each other, 
conduction is poor in gases. 

Liquids are poorer conductors than 
metals because their molecules are more 
widely separated, but they are better than 
gases. 

The poor conductivity of air is made 
use of in storm windows and double walls 
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in houses for insulation purposes. 

Why do porous materials and loose 
substances make good insulators? 

A vacuum is the most effective non¬ 
conductor. Why? 

CONVECTION 

Heat may be transferred by displacing 
hot material. This is known as convection 
—this word is associated with a circula¬ 
tion of material. 

Convection currents occur when water 
is heated. As the water at the bottom 
of a container is warmed, its density be¬ 
comes decreased, and because it is now 
lighter it rises to the top. The colder and 
denser water above sinks to the bottom 
displacing the warmed water. 

Experiment 26. Devise an experi¬ 
ment to demonstrate this. 

This circulation continues until the 
temperature of the liquid is the same 
throughout. Heating by convection is 
applied in hot water heating systems. 

Experiment 27. Convection currents 
occur also in the air. The updraft and 
downdrafts encountered by airplanes are 
examples of natural convection as are the 
polar winds. 

Make a pin wheel from the thin 3 x 3- 
inch paper. Draw diagonal lines across 
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the sheet (Fig. 3) and cut along these 
lines to within V 2 inch of the center, 
the point at which the lines intersect, C. 



Fold each section under along the dotted 
line to about 90° angles. Pass a 12-inch 
thread through the center point C and 
knot. 

Suspend the pinwheel about 12 inches 
or so above a hot stove with the turned- 
under edges facing die stove. Have the 
plane of the pinwheel in the horizontal. 
If you are using a gas stove, cover the 
flame with a griddle or frypan for safety. 

The convection currents created by the 
hot air rising and the cold upper air de¬ 
scending to displace the warmed air 
causes the pinwheel to rotate. 

A hot air heating system uses the same 
principle, heating a room by convection. 
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RADIATION 


Heat can leave a body by traveling 
through space without using free elec¬ 
trons as in the copper wire or by dis¬ 
placement as in convection currents. 

This method of heat transfer is known 
as radiation. 

Radiant energy is transported by elec¬ 
tromagnetic waves of various wavelengths 
traveling at the velocity of light, or at 
about 186,000 miles per second. These 
waves pass through certain substances and 
not others. 

Experiment 28. All bodies radiate 
heat. The rate at which the heat is emitted, 
however, depends upon the temperatures 
of the object. Place your hand near a 
lighted bulb. You will feel the heat ra¬ 
diated by the filament in the bulb. 

Note that the filament is at white heat. 
When an object is heated, the waves 
emitted show a change in color as the 
temperature is increased from red to 
yellow to blue and then to white. 

Experiment 29. Hold your hand 
above an electric burner. At low heat 
there is no color change in the burner, 
although you can feel the warmth it ra¬ 
diates. At high heat the burner turns red 
and the heat radiated becomes intense. 

Black and rough surfaces absorb as well 
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as radiate heat better than shiny smooth 
surfaces which absorb little radiant heat 
and also emit little, but reflect it well. 
Storage tanks of flammable fluids are 
painted with a shiny aluminum paint. 
Why? 

The radiant energy of a sun can be 
focused to a point by means of a mag¬ 
nifying lens and the heat accumulated at 
the point becomes hot enough to burn a 
hole in a sheet of paper. 

Radiant heating in homes uses pipes 
embedded in a concrete floor or in the 
plaster if installed in the ceiling. 

Why would placing a wood floor over 
a radiant heat system in a home be in¬ 
advisable? Why are linoleum or asphalt 
tiles usually used? Why is aluminum foil 
used in roof and wall insulation? 

CHANGE OF STATE 

Whenever a substance changes its state, 
that is from liquid to gas or solid to 
liquid and vice versa, release or absorp¬ 
tion of heat takes place. 

A solid is held together by interatomic 
forces. In order to melt a solid, we must 
apply enough heat to overcome these 
forces which hold a substance together. 
Therefore, changing a solid into a fluid 
is a heat absorbing process. 
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Experiment 30. Half fill a glass with 
tap water. Take the temperature of the 
water. Add a few cubes of ice. Take the 
temperature again. The temperature of 
course is lowered. Why? 

The ice absorbs heat from the warmer 
water causing it to melt and as it contin¬ 
ues to melt it continues to absorb heat 
lowering the temperature of the water. 
The ice will continue to absorb heat until 
it is completely melted. Or what other 
result may occur? 

When ice is added to water, the ice 
does not cool the water because it is 
colder than water, but because it absorbs 
heat from the water as it melts. 

When a melted object becomes a solid, 
it gives up the heat it absorbed in melting. 
Therefore, when water freezes, and turns 
into ice it gives up heat. 

Experiment 31. Place ice cubes and 
a small amount of water in a small con¬ 
tainer. Take the temperature of the water 
(about 4°C). Heat the mixture slowly 
stirring from time to time to distribute 
the heat evenly. Note that the temperature 
of the water remains about the same as 
long as there is some ice left. The heat 
applied is absorbed by the melting ice. 
However, as soon as all of the ice has 
melted, the heat is transmitted into the 
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water and the temperature rises rapidly. 

Experiment 32. Fill a glass with 
water and add several cubes of ice. Place 
your thermometer in the glass and note 
the temperature of the water at the bot¬ 
tom of the glass. Is it about 4°C (39°F)? 

Add more ice and stir. Is the tempera¬ 
ture further reduced at the bottom? 

No matter how much ice is added, the 
temperature does not go below 4°C. 

Most substances expand when heated 
and contract when cooled. Water is an 
exception. It expands when cooled below 
4°C. 

This phenomenon serves a very useful 
purpose. Water colder than 4°C expands 
and is therefore less dense and as a result 
rises to the surface and freezes there. The 
ice formed over the surface acts as an 
insulator preventing the water below from 
freezing too, thus permitting the fish and 
other marine life to survive throughout 
the winter. 

Experiment 33. When liquids eva¬ 
porate they absorb heat. 

Place a drop of rubbing alcohol on 
the bulb of your thermometer. What hap¬ 
pens to the temperature? Why? 

Rub a little alcohol on the back of your 
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hand. Does it feel cool? The alcohol ab¬ 
sorbs heat from your skin as it evaporates. 

What human mechanism keeps you 
cool in the summer? 

Experiment 34. Take two ice cubes 
and press them together. Do they melt? 

Water expands when it freezes and 
therefore shrinks in volume when it melts. 
When pressure is applied to the ice, it 
causes it to shrink and therefore melt at 
a lower temperature. 

What happens when the pressure is 
released? 

The two cubes become frozen together 
because the water is now below its normal 
freezing point and solidifies. 

This is what happens when you make 
a snowball. The pressure you apply melts 
the ice which refreezes when the pressure 
is removed. 

Heat is a broad subject which we have 
only touched on in this unit. If you wish 
to pursue the subject further, most ele¬ 
mentary physics books will be very help¬ 
ful. 

Appreciation is expressed to Dr. Har¬ 
mon Plumb, Chief, Temperature Divi¬ 
sion, National Bureau of Standards, Wash¬ 
ington, D. C., for reviewing this booklet. 
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